Last Saved 08/22/00 1:26 PM 



Revision 1.0 



20 JP1 1-33281 9 

Color tone adjustment 



Publication 
Number 


Date filed 


Status 


Title 


Inventors 


Translation 


JP1 1-332819 


May 28, 1998 


Applic. 


Fluorescent Image Device 


Kaneko* 
Ueno* 


Tomomi 



20.1 DESCRIPTION 

This patent application utilizes the Xillix LEFE-GI patent (which was issued before this patent was filed) 
as a starting place to describe a fluorescence imaging system with a method of adjusting the color of an 
area identified as normal to a standard color tone (typically cyan). The stated purpose of this adjustment 
is to eliminate variability of the color setting between users, thereby, it is claimed, allowing for improved 
clinical effectiveness. The adjustment is automatically made by the system when the user pushes a 
button indicating an area is normal. The system adjusts the displayed color by iterating the coefficient b 
of the linear term in the relative gain relationship (ax 2 + bx + c) until the color ratio of the area in 
displayed image measured by the system has a standard value. 
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(54) [Title of Invention] 
FLUORESCENCE IMAGING DEVICE 

(57) [Abstract] 
[Purpose] 

To provide a fluorescence imaging device by which 
the color tone of a diseased area is always displayed 
against the color tone of normal tissue which is 
adjusted to a specific tone. 

[Problem to be Solved] 

A fluorescence imaging device is provided with: 

a first CCD 43 for capturing an area to be observed in 

a first wavelength band; 

a second CCD 44 for capturing an area to be 

observed in a second wavelength band; 

an operating part 5 1 for calculating a first maximum 

value of the histogram of signal level for the first 

output signal from the first CCD 43 and a second 

maximum value of the histogram of signal level for 

the second output signal from the second CCD 44; 

a control unit 52 for controlling ratios of signal levels 

of the aforesaid first output signal and the second 

output signal based on the first and the second 

maximum values acquired by the operating part 51; 

and 

a monitor 6 for displaying images of the aforesaid 
area to be observed based on the first and the second 
output signals of which the ratios of signal levels 
which are controlled by the control unit 52. 



[Claims] 
[Claim 1] 

A fluorescence imaging device, which detects 
fluorescence images of an area to be observed that is 
excited by excitation light, which is characterized by 
having: 

a first image detecting means for detecting the 
aforesaid area to be observed in a first wavelength 
band; 

a second image detecting means for detecting the 
aforesaid area to be observed in a second wavelength 
band; 

an operating means for calculating a first maximum 
value of the histogram of the signal level for the first 
output signal from the aforesaid first image detecting 
means and a second maximum value of the histogram 
of the signal level for the second output signal from 
the aforesaid second image detecting means; 
a control means for controlling the ratio of the first 
and the second signal levels based on the first and the 
second maximum values obtained by this operating 
means; and 

a display means for displaying the aforesaid area to 
be observed based on the first and the second output 
signals of which the ratio of signal levels are 
controlled by this control means. 

[Detailed Description of the Invention] 
[0001] 

[Technical Filed of this Invention] 
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This invention relates to a fluorescence imaging 
device which irradiates an area to be observed of 
living tissue with excitation light and acquires 
fluorescence images. 

[0002] 
[Prior Art] 

In recent years, techniques such as auto-fluorescence, 
which is generated directly from living tissue by 
irradiating excitation light to an observation area of 
living tissue, and drug- induced fluorescence, which is 
generated by injecting a fluorescent drug into the 
organism beforehand, produce two-dimensional 
images which are used to diagnose the degeneration 
of tissues of the organism or a state of disease (for 
example, the type of the disease or the extent of 
infiltration), such as a cancer. In recent years, a 
fluorescence observation apparatus which has a 
function to observe fluorescence is proposed for an 
endoscope which irradiates visible spectrum to an 
object (an examined body) and displays object 
images obtained by the reflected light on a display 
means. 

[0003] 

When blue or ultraviolet light is irradiated to living 
tissue, autofluroescence is generated in a wavelength 
band longer than that of excitation. The fluorescence 
spectrum differs between normal tissue and abnormal 
tissue (precancerous tissue, cancerous tissue). For 
example, if light of 437nm is irradiated to tissue in an 
alimentary tract, green autofluorescence of the 
abnormal tissue decays relatively to autoflureoscence 
of the normal tissue, and red autofluroescence of the 
abnormal tissue does not decay compared to 
autoflureoscence of normal tissue. 
A fluorescence observation apparatus with an 
endoscope which creates an image of aforesaid green 
and red autofluroescence by using this principal, and 
indicates the existence of abnormal tissue is disclosed 
in Unexamined Patent H9-327433. 

[0004] 

In a prior art example, a device irradiates excitation 
light to a body cavity via an endoscope and detects 
autofluorescence in green and red channels emitted 
from tissue for imaging. It describes a means to 
adjust the ratio of a video signal corresponding to the 
intensity of green fluorescence and a video signal 
corresponding to the intensity of red fluorescence in 
order to adjust the color tone of normal tissue to a 
specific tone. Using this means, first, a physician 
looks at the tone of normal area, and then adjusts the 
ratio until the color tone of normal area is set to a 
specific color tone. After the tone is adjusted, other 
areas are observed. The normal area is displayed in 



the specific tone adjusted to and the diseased area is 
displayed in a different tone because green signals 
decay in the diseased area. Due to the difference of 
the color tone in diseased area and normal area, a 
diseased area can be determined. In addition, the 
ratio is adjusted to display a normal area in cyan 
color and a diseased area in red color in this example. 

[0005] 

[Problem to be Solved by the Invention] 
However, the adjustment of color tone was 
performed depending on the judgement of an 
individual physician in the example of H9-327433 
described above. Since the color tone is set slightly 
different by each doctor, it is difficult to perform a 
diagnosis objectively. 

[0006] 

This invention is formed in consideration of the 
above-mentioned matters. The purpose is to provide 
a fluorescence imaging device which does not change 
the color tone of diseased area by a different doctor 
since the tone of diseased area is always displayed 
against the tone of normal tissue which is adjusted in 
a specific color tone by simple operation during 
normal tissue observation and by displaying the 
normal tissue by adjusting in a specific tone. 

[0007] 

[Means to Solve the Problems] 

A fluorescence imaging device of this invention is to 

capture a fluorescence image of an area to be 

observed excited by excitation light and is provided 

with: 

a first image detecting means for detecting the 
aforesaid subject in a first wavelength band; 
a second image detecting means for detecting the 
aforesaid subject in a second wavelength band; 
an operating means for calculating a first maximum 
value of the histogram of the signal level for the first 
output signal from the aforesaid first image detecting 
means and a second maximum value of the histogram 
of the signal level for the second output signal from 
the aforesaid second image detecting means; 
a control means for controlling the ratio of the first 
and the second signal levels based on the first and the 
second maximum values obtained by this operating 
means; and 

a display means for displaying the aforesaid area to 
be observed based on the first and the second output 
signals of which the ratios of signal levels are 
controlled by this control means. 

[0008] 

According to this structure, when a fluorescence 
image of an area to be observed is displayed on a 
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display means, the color of normal tissue is adjusted 
to a specific color tone and the color tone of diseased 
tissue is displayed against the normal tissue which is 
already adjusted to the specific color. Thus, the color 
tone of diseased area does not change by a different 
doctor. 

[0009] 

[Embodiments of the Invention] 
Hereafter, embodiments of this invention will be 
explained referring to the drawings. Fig. 1 through 
Fig. 3 relate to a first embodiment of this invention. 
Fig. 1 is an explanatory diagram showing the 
schematic structure of a fluorescence imaging device. 
Fig. 2 is a histogram showing the frequency of green 
and red image signal levels. Fig. 3 is a flow chart 
showing operation to set normal tissue in specific 
color tone. 

[0010] 

As shown in Fig I, a fluorescence imaging device 1 

of this embodiment comprises: 

a light source apparatus 2 equipped with a lamp 21 

for generating excitation light; 

an endoscope 3 for irradiating the excitation light 

from the light source apparatus 2 in vivo and 

detecting and transmitting a fluorescence image by 

the excitation light to the outside of a body; 

a camera 4 which is equipped with: 

a first image intensifier (hereafter 
abbreviated to I.I.) 41 for amplifying a 
fluorescence image in a green wavelength 
band; a second I.I. 42 for amplifying a 
fluorescence image in a red wavelength 
band; a CCD 43 as a first imaging means for 
detecting the fluorescence image amplified 
by the first I.I. 41 ; and a second CCD 44 as 
a second imaging means for detecting the 
fluorescence image amplified by the second 
I.I. 42; 

an image processing apparatus 51 equipped with: 

an operating part 5 1 as an operating means, 
which generates a pseudo color image signal 
from each image signal that is obtained by 
processing a first output signal from the first 
CCD 43 and a second output signal from the 
second CCD 44 in the camera 4 and which 
calculates each maximum value of image 
signal intensity level in order to adjust a 
normal area in a specific color tone; 
a control unit 52 as a control means for 
adjusting and controlling the amplification 
ratios of I.I. 41 and I.I. 42; 
and a monitor 6 as a display means which displays a 
pseudo color image signal generated by the image 
processing apparatus 5 as a subject image. 



[0011] 

The aforesaid light source apparatus 2 consists of a 
lamp 21, such as a metal halide lamp, xenon lamp, 
mercury lamp, mercury xenon lamp, etc., for 
generating excitation light with a specific 
wavelength, and an interference filter 22 for 
transmitting light with a specific wavelength, for 
example, the light of 350-450nm. 

[0012] 

The aforesaid endoscope 3 having an elongated 
insertion part 31 to be inserted in vivo comprises: 
optical illumination systems in the insertion part 31 
containing a light guide 32 to transmit excitation light 
from the aforesaid light source apparatus 2 and an 
illumination window 33 to irradiate excitation light 
transmitted via the light guide 32; 
an observation port 36 which captures and transmits a 
fluorescence image of an area to be observed to an 
ocular lens 35 arranged on an eyepiece 34 of the 
handle part of the insertion part; 
and an image guide 37 for transmitting the 
fluorescence image captured via the observation port 
36. 

[0013] 

The aforesaid camera 4 is detachably connected to 
the eyepiece 34 of the aforesaid endoscope 3. 
This camera 4 comprises: 
a dichroic mirror 45 for dividing a fluorescence 
image incident to the camera 4 via the aforesaid 
ocular lens 34 into light in the longer wavelength side 
and light in the shorter wavelength side at the 
borderline at a certain wavelength such as 580nm; 
a first band-pass filter 46 for transmitting a 
wavelength band, for example, the band of 480 - 
520nm, which detects green fluorescence from the 
light in the shorter wavelength side passed directly 
from the dichroic mirror 45; 
a second band-pass filter 48 for transmitting s 
wavelength band, for example wavelengths over 
630nm which detects a red fluorescence from the 
light in the longer wavelength side reflected by the 
aforesaid dichroic mirror 45 and a mirror 47; 
a first I.I. 41 for amplifying the fluorescence image 
passed through the aforesaid first band pass filter 46; 
a second I.I. 42 for amplifying the fluorescence 
image passed through the second band-pass filter 48; 
a first CCD 43 for detecting the output image from 
the aforesaid first I.I. 41; and 

a second CCD 44 for detecting the output image from 
the aforesaid second I.I. 42. 

[0014] 

The aforesaid image processing apparatus 5 
comprises: 



3 



a first camera control unit (hereafter abbreviated to 

CCU) 53 for controlling the aforesaid first CCD 43 

and generating image signals by electrical signal 

transmitted from the CCD 43; 

a first analog digital converter (abbreviated to A/D 

converter) 54 which converts the image signal 

produced by the first CCU 53 into a digital signal; 

a first look up table (hereafter, abbreviated to LUT) 

55 for compensating the aforesaid digital data by 

synchronizing with the sensitivity characteristics of 

the first LI. 41 and the first CCD 43; 

a second CCU 56 for controlling the aforesaid second 

CCD 44 and generating image signal by electrical 

signal transmitted from the CCD 44; 

a second A/D converter 57 for converting the image 

signal produced by the second CCU 56 into a digital 

signal; 

a second LUT 58 for compensating the aforesaid 
digital data by synchronizing with the sensitivity 
characteristics of the second LI. 42 and the second 
CCD 44; 

a video processor 59 for generating a pseudo color 
signal from the data compensated by the aforesaid 
LUTs 55 and 58; 

an operating part 5 1 for computing the frequency 
(histogram) of the intensity level of image signal of 
the aforesaid LUTs 55 and 58; 
a control unit 52 for adjusting and controlling the 
amplification ratios of the aforesaid LI. 41 and 42 to 
make a value of a ratio to match with the tone of 
normal area by calculating a ratio at the peak in the 
histogram distribution of a green and a red signals 
obtained by the operating part 51; 
and further comprises by connecting a color tone 
adjusting switch 10 which outputs an instruction 
signal to start adjusting the aforesaid amplification 
ratio against the aforesaid control unit 52. 

[0015] 

Operation of the fluorescence imaging device 1 
comprised as above will be explained. First, 
ultraviolet or blue excitation light of the broadband 
light generated from the lamp 21 of the light source 
apparatus 2 is transmitted by the interference filter 22 
and gathered on the proximal surface of the light 
guide 32 of the endoscope 2. The excitation light 
gathered on the proximal surface of the light guide 32 
is transmitted to the illumination window 33 via the 
light guide 32 inserted through the endoscope 3 and 
irradiates an area to be observed in living tissue from 
the illumination window 33. Fluorescence is emitted 
from the observed area irradiated with the excitation 
light and the fluorescence image is transmitted to the 
eyepiece 34 of the handle side via the observation 
port 36 and the light guide 37 of the endoscope, and 
incident to the camera 4 via the ocular lens 35. 



[0016] 

Next, the fluorescence image incident to the camera 4 
is divided into the shorter wavelength side and the 
longer wavelength side at the 580nm-border line by 
the dichroic mirror 45. The fluorescence image in 
the shorter wavelength side is directly transmitted by 
the dichroic mirror 45 and only green fluorescence 
image is transmitted by the first band-pass filter 46, 
and after amplified by the first LI. 41, it is detected 
by the first CCD 43. On the other hand, the 
fluorescence image in the longer wavelength side is 
reflected by the aforesaid dichroic mirror 45 and the 
mirror 47 and only red fluorescence image is 
transmitted by the second band-pass filter 48, and 
after amplified by the second LI. 42, it is detected by 
the second CCD 44. 

[0017] 

Next, the green fluorescence image captured by the 
aforesaid first CCD 43 is transformed to an image 
signal and then converted to a digital signal by the 
first A/D converter 54. This digital data is 
compensated to have the correct sensitivity 
characteristic by the first LUT 55 where the 
compensation data matching the sensitivity 
characteristics of the first LI. 41 and the first CCD 43 
is recorded. 

The red fluorescence image captured by the aforesaid 
second CCD 44 is transformed to an image signal and 
then converted to a digital signal by the second A/D 
converter 57. This digital data is compensated to have 
the correct sensitivity characteristic by the second 
LUT 58 where the compensation data matching the 
sensitivity characteristics of the second LI. 42 and the 
second CCD 44 is recorded. 

[0018] 

The digital signals compensated by the aforesaid 
LUTs 55 and 58 are generated into a pseudo-color 
signals by the video processor 59 and displayed on 
the screen of the monitor 6 as a fluorescence image 
of an observed area. The tone of the fluorescence 
image displayed on the monitor 6 corresponds to the 
ratio of the digital data of green and red fluorescence 
images output from the aforesaid LUTs 55 and 58. 
That is, as shown in the prior example, when the 
green digital data is larger than the red one for 
normal tissue, it is displayed in cyan color. When the 
red digital data is larger than the green one for - 
abnormal tissue such as cancerous tissue, it is 
displayed in red color. At this time, if the ratio of the 
second LI. 42 which amplifies red fluorescence is 
relatively higher than that of the first I.I. 41 which 
amplifies green fluorescence, the cyan color of a 
normal tissue becomes whitish and the abnormal 
tissue is displayed in more red. On contrast, if the 
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ratio of the second LI. 42 is lower, a normal tissue is 
displayed in more cyan color and an abnormal tissue 
is displayed in blackish color. 

[0019] 

The operator observing the fluorescence image 
displayed on the screen of the monitor 6 presses the 
color adjustment switch 10 at this time while 
observing normal tissue in order to specify a lesion 
by judging a normal area and a lesion objectively. By 
pushing the color adjustment switch 10, color 
adjustment automatically starts to display normal 
tissue in cyan color. 

[0020] . 

This automatic color adjustment will be described 
below. The gain of the second LI. 42 which 
amplifies red fluorescence is associated with the LL 
41 which amplifies green fluorescence in the 
equation (1). 

[0021] 

R(G) = aG 2 +bG + c...(i) 

R is the gain of the second LL 42 and G is the gain of 
the first LL 41. a, b, and c are constants and Constant 
"a" is a term to compensate individual differences of 
the gain characteristic of I.I.s 41 and 42. Constant 
"b" is a term to compensate a relative gain of the LLs 
41 and 42. In other word, color tone can be adjusted 
by adjusting the value of "b". Constant "c" is an 
offset value. 

[0022] 

To simplify explanation of the procedure for color 
adjustment shown below, the values of "a" and "c" 
should be set to zero. The method of adjusting color 
by adjusting "b" is explained by referring to Fig. 2 
and Fig. 3. 

First, while observing normal tissue, press the color 
adjustment switch 10 as described above. As shown 
in Step SI, the value of "b" of the aforesaid Equation 
(1) is set to one, and green and red fluorescence 
images are detected in the condition of relative gain 
b=l . At this time, the digital data of green and red 
fluorescence images are retrieved from LUTs 55 and 
58 and then move to Step S2. 

[0023] 

Next, the histogram of each digital data is measured 
in Step S2 as shown in Fig. 2. Then move to Step 3 
where the green maximum value HG and the red 
maximum value RG are calculated according to the 
histogram of each color. Then move to Step 4 where 
the ratio R (HG/HR) of the green maximum value 
HG and the red maximum value HR is calculated. 



[0024] 

Next, in Step S5, the value of ratio R obtained in Step 
S4 is either smaller or larger than the first value Rl . 
If the value of ratio R is smaller than the first value 
Rl, go to Step S6 in which the term "b" value is 
increased by 0. 1 for example, and then the process 
from the Step S2 to Step S5 are repeated in the 
condition of the relative gain b=l.l. 
Until a value of ratio R reaches over the first value 
Rl as shown in Step S5, the process of Step S2 to 
Step S5 are repeated When the value of ratio R is 
over the first value Rl, move to Step S7. 

[0025] 

In Step S7, the value of ratio R, which is larger than 
the first value Rl obtained at step 5, is compared to 
the second value R2. If the value of ratio R is larger 
than the second value R2, move to Step 8 and 
decrease the term "b" value by 0. 1 for example, and 
the process from Step S2 to Step S5 and Step 7 is 
performed again. 

Repeat this until the value of ratio R becomes larger 
than the first value Rl shown as Step S5 and 
becomes smaller than the second value R2 shown as 
Step S7. In other words, until the value of ratio R 
becomes larger than the first value R2, fluctuation of 
value "b" is repeated. 

At the point where the value of ratio R became the 
value between the first value Rl and the second value 
R2, a process is finished. 
In addition, intervals of the first value Rl and the 
second value R2 should be set to an adequate wide 
value (range?) compared to the change of 0.1 in Step 
S6 and Step S8. 

[0026] 

At this time, normal tissue is displayed in cyan color 
which makes it most recognizable as normal tissue 
and abnormal tissue is displayed in a dark red color 
which makes it most recognizable as abnormal tissue 
in the fluorescence image displayed on the screen of 
the monitor 6. By this, a physician can specify a 
lesion by objectively judging whether or not tissue is 
healthy or diseased. 

[0027] 

As described above, by operating the color 
adjustment switch connected to the control unit of the 
image processing apparatus, the amplification 
proportion is adjusted via the control unit and the 
operating part and normal portion is automatically 
adjusted in cyan color which makes it most 
recognizable as normal tissue and abnormal tissue is 
adjusted in dark red color which makes it most 
recognizable as abnormal tissue. Therefore, a 
physician can judge normal tissue and abnormal 
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tissue from the fluorescence image displayed on a 
screen of the monitor and promptly and accurately 
perform a diagnosis of a state of ailment such as die 
existence or extent of a lesion. Therefore, color tones 
will not be different for each physician and 
differences in the color tone between normal and 
diseased areas can be judged easily by anyone. 

[0028] 

This invention is not limited to the embodiments 
described above, various changes can be made 
therein without departing form the intention of the 
invention. 

[0029] - 

[Additional Remark] 

According to the above-mentioned embodiments of 
this invention, the following components can be 
obtained. 

[0030] 
(1) 

A fluorescence imaging device, which detects 
fluorescence images of an area to be observed that is 
excited by excitation light, is characterized by 
having: 

a first image detecting means for detecting the 
aforesaid area to be observed in a first wavelength 
band; 

a second image detecting means for detecting the 
aforesaid area to be observed in a second wavelength 
band; 

an operating means for calculating a first maximum 
value of the histogram of the signal level for the first 
output signal from the aforesaid first image detecting 
means and a second maximum value of the histogram 
of the signal level for the second output signal from 
the aforesaid second image detecting means; 
a control means for controlling the ratio of the first 
and the second signal levels based on the first and the 
second maximum values obtained by this operating 
means; and 

a display means for displaying the aforesaid area to 
be observed based on the first and the second output 
signals of which the ratio of signal levels are 
controlled by this control means. 

[0031] 

(2) The fluorescence imaging apparatus of Claim 1 
in which a relative gain is adjusted to make a 
ratio of the aforesaid first maximum value and 
the second maximum value in a range of a 
specific value. 



(3) The fluorescence imaging apparatus of Claim 1 
in which normal tissue of an area to be observed 
displayed on the aforesaid monitor is adjusted to 
cyan in color. 

[0033] 

[Effect of the Invention] 
According to this invention described above, by 
displaying normal tissue after adjusting it for a 
specific color tone, the color tone of diseased tissue is 
displayed against the color tone of the normal tissue. 
Therefore, it is possible to provide a fluorescence 
imaging device which does not change the color tone 
of a diseased area due to different doctors, etc. 

[Detailed Descriptions of the Drawings] 
[Fig. 1] 

Fig. 1 through Fig. 3 relate to the first embodiment of 
this invention. Fig. 1 is an explanatory drawing 
showing the schematic structure of a fluorescence 
imaging device. 

[Fig. 2] 

Fig. 2 is a histogram showing the frequency of image 
signal level in green and red. 

[Fig. 3] 

Fig. 3 is a flow chart showing operation of setting 
normal tissue in a specific color tone. 

[Explanations of Symbols] 
1... fluorescence imaging device 
2 . . . light source apparatus 
3... endoscope 
.4... camera 

5 . . . image processing apparatus 

6... monitor 

10... switch 

41. ..first LI. 

42... second LI. 

43... first CCD 

44... second CCD 

51... operation part 

52... control unit 

59... video processor 



[0032] 
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glcofeB^UT^^ti^o-e, ES5<oitv^Jcj:o 
TS*»cofeB#*ftL4v^*Haj6B*a«-t"S^ 

[0 0 0 7] 

[«UHS:#fti-*fc*<o^ai ^WO$3tI^§ 

a-eaa-j-aai Airisa9#«:!R2ojK 

t * h ^ ao* i ©a** t meg 2 oaa^a^ 6 
^Aco«2co**tt^s:j|[mi-6j9[»¥at, 
aiEaiou*«*i:MiE*2 0!>fflA«»o«*u 

m 2 ©u*ffl *ks-3 t «rtEa»ff a«r«*-r 

[0008] * j:Htf , avtt0>a*B*#* 
**a±fca**jx5it , jEffaa^fiB»«>«w£ 

«ofeBl£BSE£*u 3fiaE«<0feBW\ :«^feEK3lc 

BastifcaoEffaaicwL-casstis^-c, ess 

oiSv >«c J: o T*a»«>ftB3*saf k L ft i \ 
[0 0 0 9] 

0, H2tt«fe4:#fefc(Oiiia«»u^o*«*^1- 
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[ooio] mi tc^-r x 5 (c*:^te^flg^^)tii^ 
ant, ae**84t57^2 1 

-T5rtm^3i:, rtort««3T#&*ifc»fti*&co 

i. £B&!2ir-5) 4 iftrf*fek:#iSi-5*2oi. 
i. 42i, i. 4 i-c*t«sn^** 

&£it&-r 5 m i coam^ft-c** c c d a 3 s^m 2 

CO I. I. 4 2T*t«Sixfc**«*lWk-r5*2(0» 
*f8'Cfc5CCD44i*rS^^74t, rco* 

^74^1(^CCD4 3 fl>fcHtfj 3*1**1 

*&tf!R 2 cdc C D 4 4 d>e>tttfj SixSJB 2 coffl*i«# 
aWfcoftBfcB*-*- **x«x<oB4fc«**« 

wiwiE 1 . 1.41,42 <Dmm<Dm&*ffl&. mw-r 

[0011] fflne%HSIE2tt* tt£<O«*0>Bfi#£ 
ftSOKfttlt, 35 0-4 5 0nm(^) 

So 

[0012] ffiEi*rig4i3ti:« £ttrtfcfl^3*t5*ft 
*}*A»3 l£*TU wOt?A2!5 3 lrt^J*SftE*«3S 
K2^b<OJffljE3t€:#AaftjS*-efia-r5 7^ h#-f 

K3 2RXf^<Dy^ htf<<( K3 2*frLTea*fufcB 

Ihb. *«a5tt©**««:#A»¥5c«©«K«B3 4lc 
S*«*i &*.S«»B3 6*l*w©**SE3 6&#L 

[0013] mE^7<5 4tt, itrie^m^3co^iig^3 

4«c*lttefclc«a$*i,5o ro*^7 4JcttSWE*R 
uyX3 5*ratr*^7 4^Alt+5**ft4:, 
ttft, «X.«5 8 0 nm, **fcftttft«ifittfiffllfc 

^n>< s/^ $7-4 5£ExlLfc®&g:<R9^ftO?^, 
afi<OS**ttUi-4ttftfflr*-C*S«*.tf 4 8 0-5 
2 0nm£Si§lT3S8l^^K^*^^4 6 fc, 



■C*5«i«6 3 0 n m«±«rJ8ifl1-S« 2 K'< 
^7^W48i: t ffiffi%l<0'<>Y'<*74/W 4 6 

ES& 2 *>/<y hv** 7>f/^48 trgi® Lfc***«rlt 
«1-5*2<OI. I. 4 2 ttE«10>I. I. 4 1 
3ft»b«>lH*«*:*»+51BlOCCD4 3t, ifrE|g2 
CO I. I. 4 2^6>C0ffly3«*»flfc-r5*2OCCD4 

[0014] 0nEBtt&a£B5ttt sffiemi^ccD 

4 3*»J»1-St tt>{cr^CCD4 3^e>eSStt* 
««« #*rB«« *fc±*t 5» 1 * y a V h d - 
/LOL=yh (J^TCCU^B&lE-r^) 5 3 rco^l 
coccu 5 3-cfe*SHfciiiift««-*r7*^^/Ht»tcag 

if^^l^Ttn^^/UfM (A/D*««t 
fcE"*-*) 5 4fc % KHEf^/i^-^tlllwi. 
I. 4 lfttWBlOCCD4 3 0*Jt«HtK*t>*'C» 
Et5*l©^y?7y^f-^ (KJlTLUTi» 
E) 55t % fl»E*2<Z)CCD4 44:iW«N-5ttt>lw 

n OC C D 4 4 a>&ei£Sfts«««»*ffifc«»tc£ 

/&-f £*20CCU5 6t, rO^2c0CCU5 6"C^ 
A * hfc«»«**:^ * MS*lc«*J- 5 US 2 to A/ 
DtW8 7^ «E^*/l^-*«:*2<&I. I. 
4 2 Xtf* 2 (DC CD 4 4 ©**»ttfc*to*T*|jEi- 
5l20LUT58t, iELUT5 5, 58TffijE£ 

tyt59^ i!ELUT5 5, 5 8 CDB»«*<0»K 
U^/^lg (fc* h^5-M trlMM" 5»»a55 1 

fc* h^7^*cotr-^tDit**:*fe, -t<DJfc*#jE 
Ufc«Kifc6 J: 5 ffiE I . I. 4 

1,42 <n®i$<D®&&m&. mm- z®mi® 5 2 

TLXffif&Zii, £b\z s roBfkA3KKB5l^»i:MEIH 
2(C^LTfra!LfcliipsS)^©PS^^fe^ J tt5 

[0 0 15] ±38oJ:5fc*rtLfc**B««le«l©ff 
ffifcBWW-*. *1\ 3OB6«2©9^2lJ:0«4 
tSKi«0X05t>, ^ttv^Lfrfe^BfitttfTiP 
:7^/u* 2 2$riiigU-C, I^Si3(07^ K3 2 

SfllB£ft££*'i&. ^7>f hilfW K3 2co£*SB£ 

**siifeBtt*tt, rtm^3^rtgi5^^¥aurv^a7 

h*>f K3 2*r^LT!HW*3 3*-ce»Six, -co 

fig^«3 3^b**rt©«»«tti-rtia*o-cH»*ti 

*U *t0**flfcttrt«il3<0«**3 6&t*7^ 
^ K3 7*^U-r¥5cffl|cO«ll«3 4*-CfiaSii, & 
1IUVX3 5$T3iLr^7^7 4lCA&ti"5o 
[0 0 16] *7«?4*CA»Lfc«*«tt, ?4 

%V — 45lC«J:ot5 8 0 nm»» 
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uii^i. i. 4 iritssitfca, *i<z>ccd 

4 3lC«fco-Cliffc£ft5o ftttftfl^fiXtttt. 
iTME^**^ S 7-4 5M;7-4 7-CSlt 
U ^ 2 (7V<>- K'** V 4 ^5 4 8 9 *fe(D*3ttt 
o*ai8U I. 4 2-e«MBS*ifc*, JS2 

C0CCD4 4 JCj:oT»ttStl5 0 
[0 0 17] fcl^ MI5mi<OCCD4 3-CS^^^ 
fc»feco*3t(ft»*. Si0CCU5 3CJ:otlM^ 
fcfcflfSJV «l«>A/D«lW5 4KJ:9^s;#yHa 
»lcSHft$*i* :(0f'^^f- *ISfH0> i . I. 4 
1 1 CD C C D 4 3 WHRtf^ttll^^fclijE^- 

*jd5K»£:h/0>Sgn ©LUT 5 5fcJ:oTIEL^« 
ff#ttl-«]ESix5o *fc, ffiriem2^ccD4 4TS 
«£ftfc*ft<&Sttlfert\ m2^ccu5 6(c:j:oril 

«tt*K:«{tS*V JB2<DA/D«»85 7jCj:9f f ^ 

I. 4 4<DiSSiRH4^^t>^fcM 
lEx— *aS8ES£*iTl*5£2 0>LUT5 8{^J:oTjE 

[0018] ^LT, fftiELUT 5 5, 5 8 TICE £ ft, 
ftUfft^ftSItt, WISLUT5 5, 5 8 J:«9tti^$n5 

lc*ft£L-cv^ 0 0*19, Ufc J: vie. IE# 

m$L<Dife&\CVC'<XU&(Dy*i> * fry*- 

«St5*liOI. I. 4 1|C»L-C, ffi*fft(:i#ftcD 
«**rifB1-5»2«) I. I. 4 2*>Jt*MS^fc, IE 
ft JU&tt ->7yft#6oK<4oT JUftBtttf J: 9 * ft 
■C*«**t« q KStfc, WJE*20I. I. 4 2^it^ 

[0 0 19] £<D*~* 6<0Hffi±lC*^£iX"CV^$ 

$£fa§?S fc # (cft^H^^ ^^f 10 fcjf i- 0 

■fat* c<oftH««^>ry^i OtfflSftfccfcKiJ: 

[0 0 2 0] C^ft^OgK)ISiM^^TiC|ft0^-f * 
ft©S3t*r»*i-a*2fl!)I- I. 4 2 

( i ) o*ft0S**j|«-r3 1 . i. 4iicgiaLT 



[0 0 2 1 ] 

R (G) =aG 2 +bG + c - (l) ® 
wCT, R14JB2 0I. I. 4 2 <0«#"Cfc 9 , Gtt* 
I. 4 1 <D#i#-?fc* 0 a, b, ctt^»-C*> 
IMBSftatt, I. I. 4 1, 4 2 <a*i|#4$fttf)<® 
*S*MlEi-5«-C*>9, JWEfiftbttl. I. 4 1, 

4 2<£fS^J#£ffiIE1-5Jg-e&£o o*9, C(D^b 
<Z>fI£^g-f <5 d t "CftlSicDffl^^n 5 w t JflST* So 
(WEMkc tt*7*y h«t-e^5o 

[0022] «T^fftWgB«cD^lil^SiW 
-Cl4iamici-5fc*, MEaaOilitfflcWilSrOi 
U BuE«bSr^LTftia$:iSg-ro*i£^0 2SU { 
H3*#!SL-CKm-*. *1\ jE#lMI**SLrv^ 
Zk£, ±«LfcJ:5K:ftBB*^-f y^l OtrlW. 
■TSi, ^r^S 1 KSrTi 5 KttJE (1) «©«b 
«0tt^ilcKS$tiSo ^LT, cob=i«)ft»fi]» 

cOittftXl^lSft^Sjtitifft^x^^ * £ L U T 5 
5, 5 8 J^&OffiLT^^S 2R#fft8. 
|00 2 3| X?y?S 2T*li02lC^J:5iC 

x^ys3l^ttU, &fe<b^ft, **i«x«>ftK:*Sl* 

R i£lWLT*^:y:/S4fc:»fTi-S Q -eUT, rco 
^fy^S4TftfiO»*ilHG t*ft©**«HRt 
0>Jt*R (HG /HR ) £#£>5o 
[0 0 2 4] fcV^-C, ^7^S SlC^fTLXaSIB^T- 

y^ p S4-e#e>nfcH:*R©ffl[d5fEioffl[Ri J:9/h* 
V^^»*lt«i-5o w£>t€\ Jt¥R<0tt#»i<Z>ffl[ 

T«b©tt4:«;Ltf0. ltf^^^T, b = i.l <a*8 
Plfl«i-C^T^S 2a>e><D*LH*r?¥t«T5o L 
fc#ot\ Jt^Rcofi^^x^^s 5(c^$HTV^5J: 
?{£35i OfifRi J:9*t<45S^f3/7 F S2^6 
^T^y^SSS-CWtea^Mk^jgLfTipnSo tit, 
tt;*R<o«#»ic&ttRi if9*§<4ofct*, 

[0025] :^fy^s 7-ciifria^7 i ^ys 5t 

#e>ftfc*l<0«IRl J:9*#V^tt*R©«3ft5iB2©II 

R2 J:9**v^*5^*Jt«*ixS« r^^^, SSfeit 
^Rcoffl^^2cofiR2 J:9*:tv>«-&tc^xs/^s 
8lC«PfTLT*bO«[*ffilAtfO. lK*4tr^fy 

Jt*ROttiS»l (0«R1 <t9^t<, ^O, ^T 1 ^^ 

5 7l^$JxTV>5J:p(Cit^R^ffl^2^fiR2 £ 
9/hS<45*^ -f&fcfe* it^RcofB^l(D{jIR 
l i:S2(OttR2 t©IBlc4*t-Cb©(l©ii«dS»9 
ilbtT^H^o -tUT, It^R^fi^icofilRi 
2co<iR2 4:0|!l»e:4ofci»jaii-c*a*:*T1"6. ft 
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[0 0 2 6] Z<Dt f , 6 0ll®±JC^^$ttT 

^*fi*B«r?W\ jE«tt(0ffl»«, JEmmat*fe>5<i: 
fcfcBBSft^v^T^feBfc****^ 

[0 0 2 7] r*>J:3fc* BB&^B0BtiP%£tt& 

*«0ftB«r* *t>jE*«aa-e*>si:B*L»v^rx 
fcBfcSBttKlBBU a*«<0B«£»fc»»-efc5 

s * colfS±icg^ £ fix v * 6 £%Btt*> h jEfrffil& t 

[0 0 2 8] 4*5, »±a^fc***«w* 

ffl-e«* aeje jttfc piB-e* So 
[0 0 2 9] [f*E3 «±BSE L/c J: 5 ft*BB«>±B 
XlB*BlcJ:tirX, «T0fc*«rite»*rfc#T* 
£ n 

[0 0 3 0] (i) Btt*lcj;o-CBJBS*vfc*lW#o 
B*B«*r«B-t"5«*BBKB«c*v^r, Bfijt^J: 
orBB4hfc«»»©**B«t:«»1-6**B«St 

i <ais&^a fc > mtz&^ftzm 2 

*B2(0«B#Bt* BE»i«)lWI*»a*bB**ft 
m l t S9ES 2 tf>»&^&a> 6 fctt* * ftfcKS 2 



MBSftfclttEB i ©B*«»XWW*2 
jcS^tBllfEtft^frlft***^**^^^, SrJWSL 
fcBXBBBB. 

[0 0 3 1 ] (2) ttE*l©**ttt*20**«fc 
5ftE l Et^«*B*aHfc 

[0 0 3 2] (3) ME*=*fc**Sft**FP#B*> 
IE#BB«)ftB*r'>r^feBfcB»r6ftE l E^O* 
XBifeSB. 

[0 0 3 3] 

I«W«oSb«l a±HBLfcJ:5K*BHCJ:fttf, IE 

*<B©ftB*#«w«SofeBfcBB*JxfcjE»»«ofe 
Blw»Ur*«SJxa©"C, E«^av^|cj:o-c#!as 
fto&Bjftsgfl; L/j^**BBBBttt«1-« - k 

[BBOflWftKB] 

[Bl] Bl4^LB3fitt*WO-*B»Bfc«!K 
B l ttS*Blfe3S«o«B«B6«r^-t-ttWH 
[0 2] »fetfSfet(^B««*^^0««S:*-rt 

[ff*®BB] 

1 - ••BftBBBB 

2- XKBB 

5-BBMBKB 
6 

4 I. 

4 2 -312 CO I. I. 

4 3— W 1 COCCD 

2<^)CCD 

5 1 -BITO 
5 2-MMB 
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